Abstract. Drugs that have narrow absorption window in the gastrointestinal tract (GIT) will have poor absorption. For these drugs, gastroretentive drug delivery systems offer the advantage in prolonging the gastric emptying time. Swellable, floating, and sustained release tablets are developed by using a combination of hydrophilic polymer (hydroxypropyl methylcellulose), swelling agents (crospovidone, sodium starch glycolate, and croscarmelose sodium) and effervescent substance (sodium bicarbonate). Formulations are evaluated for percentage swelling, in vitro drug release, floating lag time, total duration of floating, and mean residence time (MRT) in the stomach. The drug release of optimized formulation follows the Higuchi kinetic model, and the mechanism is found to be non-Fickian/anomalous according to Krosmeyer-Peppas (n value is 0.68). The similarity factor (f 2 ) is found to be 26.17 for the optimized formulation, which the release is not similar to that of marketed produced (CIFRAN OD®). In vivo nature of the tablet at different time intervals is observed in the radiographic pictures of the healthy volunteers and MRT in the stomach is found to be 320±48.99 min (n=6). A combination of HPMC K100M, crospovidone, and sodium carbonate shows the good swelling, drug release, and floating characters than the CIFRAN OD®.
INTRODUCTION
Oral sustained release dosage forms deliver the drug for longer period and helps in producing the therapeutic effect for 24 h for those drugs which are having low plasma half life. Drugs that have narrow absorption window in the gastro intestinal tract (GIT) will have poor absorption (1, 2) . For these drugs, gastroretentive drug delivery systems (GRDDSs) have been developed. Oral sustained release dosage form with prolonged residence time in the stomach helps in absorption of the drugs which are less soluble or unstable in the alkaline pH and those which are absorbed from the upper gastrointestinal tract (3) . GRDDSs help in maintenance of constant therapeutic levels for prolonged periods and produce therapeutic efficacy and thereby reduce the total dose of administration.
Recently several gastroretentive approaches like swelling devices (4, 5) , floating systems (2,6), bioadhesive systems (7), low density systems (8) , high density systems (9) , expandable systems (10), superporous, biodegradable hydrogels (2, 11, 12) , and magnetic systems (13) have been developed. To increase the gastric retention time (GRT), one should have a thorough knowledge about the physiology of GIT, and all the limitations should be well understood. To justify the in vitro studies, in vivo studies must be conducted.
The excellent floating system is effective only in the presence of sufficient fluid in the stomach; otherwise, buoyancy of the tablet may be hindered. This limitation can be overcome by using a combination of a floating system with other gastroretentive approaches (14) . GRDDSs are formulated as floating microparticles, tablets, pellets, capsules, etc. among which the multiparticulate systems are more effective than the single unit dosage forms (15, 16) .
Srinatha and Pandit J.K developed ciprofloxacin loaded multi-unit floating alginate beads and studied in vitro release in simulated gastric fluid and effect of alginate when blended with gellan, hydroxypropyl methyl cellulose (HPMC), starch, and chitosan (17) . Garg et al., suggested there will be a decrease in bioavailability of conventional oral controlled drug delivery system of narrow absorption window in gastrointestinal tract and developed floating microspheres of ciprofloxacin. Sa Hoo et al., developed floating microspheres of ciprofloxacin hydrochloride by using a polymer mixture of sodium alginate and HPMC (18) . Varshosaz et al., formulated ciprofloxacin floating and bioadhesive release tablets by using sodium carboxy methyl cellulose, HPMC, polyacrylic acid, polymetacrylic acid, citric acid, and sodium bicarbonate (19) .
Ciprofloxacin hydrochloride, a broad-spectrum fluoroquinolone antibacterial agent is more absorbed from the stomach and the proximal part of the small intestine (19) . Oral bioavailability is about 70% and reaches the peak plasma concentration to 2.5 μg/ml in 1 to 2 h after administration of 500 mg. As the tablet passes down the GIT, the decrease absorption is the draw back with sustained release dosage form of ciprofloxacin hydrochloride. The extended release formulation of ciprofloxacin HCl (Cipro XR and Proquin XR) is used for complicated and uncomplicated urinary tract infections (UTIs) (20, 21) . Ciprofloxacin HCl extended release (500 mg once daily) shows higher plasma concentration than the immediate release (200 mg twice daily) formulation. The bioavailability is lower if Proquin XR tablets are given while fasting (21) .
The objective of this research work is to obtain better delivery of ciprofloxacin HCl to the stomach and the proximal parts of the small intestine by increasing the mean residence time (MRT) in the stomach. For this, gastroretentive floating and swellable tablets are prepared to prolong the gastric emptying that provides maximum drug at the site of absorption. 
MATERIALS AND METHODS

Materials
Methods
Preparation of Tablets
Ciprofloxacin HCl tablets are prepared by wet granulation method using hydrophilic polymer (different grades of HPMC), gas generating agent, and swelling agents in each formulation. The swelling agents are used as half intragranularly and other half as extra-granularly. The composition different excipients in formulations are listed in Table I . All the ingredients are passed through sieve no. 60 and mixed in a polybag and granulated by using PVP K30 (5% w/v in isopropyl alcohol). The wet mass is passed through sieve no. 14 and dried at 50°C. Dried granules are passed through sieve no. 16 and mixed with remaining portion of swelling agent, magnesium stearate, and talc. Granules are compressed by using caplet-shaped punches on cadmach 16-station rotary tablet press.
Evaluation of Tablets
The prepared tablets are evaluated for hardness (Monsanto hardness tester), friability, weight variation, thickness, length, water uptake, in vitro drug release, in vitro floating lag time, and total floating time and in vivo buoyancy studies on healthy human volunteers.
Water Uptake Studies
The swelling behavior of dosage unit can be measured either by studying its dimensional changes, weight gain, or water uptake (22, 23) . Water uptake study of the dosage form is conducted by using USP dissolution apparatus-II in 900 ml of distilled water which is maintained at 37±0.5°C, rotated at 50 rpm. At selected regular intervals, the tablet is withdrawn and weighed. Percentage swelling of the tablet is expressed as percentage water uptake (%WU) (24, 25) .
Where Wt is the weight of the swollen tablet, and Wo is the initial weight of the tablet.
In Vitro Buoyancy Determination
Floating behavior of the tablet is determined by using USP dissolution apparatus-II in 500 ml of 0.1 N HCl which is maintained at 37±0.5°C, rotated at 50 rpm. The floating lag time as well as total floating time is observed.
In Vitro Dissolution Studies
In vitro dissolution studies are studied by using USP dissolution apparatus-II, in 900 ml of 0.1 N HCl (pH 1.2) at 50 rpm, and temperature is maintained at 37±0.5°C. Five milliliters of sample is with drawn at predetermined time intervals 0.25, 0.5, 1, 2, 3, 4, 5, 6, 8, 10, and 12 h. Every time, the dissolution medium is replaced with fresh 0.1 N HCl. Samples are filtered and diluted with fresh buffer and are analyzed in Elico UV/Vis spectrophotometer at 276 nm.
Drug Release Kinetics
The drug release kinetics are studied by plotting the data obtained from the in vitro drug release in various kinetic models like zero-order, first-order, Higuchi's, and HixsonCrowell model.
Zero-order (Eq. 2) data is plotted as cumulative percentage drug released versus time.
Where C is the concentration, K o is the zero-order rate constant expressed as concentration/time, and t is time in hours. First order (Eq. 3) is obtained by plotting log cumulative percentage drug released versus time.
Where C 0 is the initial concentration of the drug, k is the firstorder rate constant, and t is the time.
As per Higuchi's (Eq. 4) data is plotted as cumulative percentage drug released versus square root of the time.
Where K is the constant of the system, and t is the time.
The mechanism of drug release is evaluated by plotting the percentage of drug released versus log time according to Krosmeyer-Peppas equation (equation). Exponent n indicates the mechanism of drug release calculated through the slope of the straight line.
Where M T =M 1 is the fractional solute release, t is the release time; K is a constant characteristic of the drug/ polymer system. If the exponent n=0.45, then the drug release follows the Fickian diffusion, and if 0:45 < n < 0:89 , then it is said to be non-Fickian or anomalous release.
In Vivo Confirmation of Buoyancy by Using Radiographic Studies
For this study, the tablets are prepared by replacing half the amount of drug with barium sulfate. After overnight fasting of six healthy volunteers, they are fed with low calorie food and allowed to take water after these tablets are administered orally. Radiographs are obtained at 1, 2, 3 h, and up to 6 h over these periods, volunteers are allowed to take water (26, 27) .
RESULTS
The data of physical parameters like thickness, content uniformity, weight variation, length of the tablet, floating lag time, and total duration of floating of all the formulations is enclosed in Table II . As concentration of sodium bicarbonate is changed from 15%, 20%, and 25% w/w of drug, the floating lag time decreased, but the difference in the lag of formulation containing sodium carbonate as 20% and 25% w/w of drug is very narrow. So the sodium bicarbonate concentration is optimized as 20% w/w of drug. The floating lag time of marketed product is found to be 185 s, which is more compared to F12. All the parameters lie within the limits. The hardness is maintained as 9±0.50 kg/cm 2 in all the formulation. The friability of all the formulations falls in the acceptable limits.
The percentage swelling obtained from the water uptake studies of all the formulations is shown in Fig. 1a . Formulations with HPMC K100LV and HPMC K15M showed poor swelling and tablet integrity. The change in sodium bicarbonate concentration did not show any effect on swelling of the tablet. Formulation F3 containing high percentage of polymer (25% w/w that of drug) and swelling agent croscarmellose sodium shows the maximum swelling compared to that of the formulations F1, F2, and F4 containing other swelling agent crospovidone, sodium starch glycolate, and starch-500. But the formulation containing low polymer concentration with equal concentration of Croscarmellose sodium shows poor swelling and tablet integrity compared to that of formulations containing equal concentration of other swelling agent like crospovidone and sodium starch glycolate. The percentage swelling profile of formulation containing optimized concentration of polymer, swelling agent, and sodium bicarbonate is shown in Fig. 1b . The difference in size between dry and wet tablet is shown in Fig. 2 The formulations containing HPMC k100LV and K15 M showed early release. As the concentration of these polymers increased, the drug release is retarded, but percentage swelling is not satisfactory. The drug release profiles from the formulations F1, F5, F6, and F7 which contain different concentrations of polymer is shown in Fig. 3a . The effect of crospovidone concentration on the drug release of formulations F7, F8, F9, and F12 is shown in Fig. 3b . The comparison of drug release of F12, F13, F14, which contained optimized .polymer, swelling agent, and sodium bicarbonate concentration and that of marketed product is shown in Fig. 3c . Higher concentration of sodium bicarbonate facilitates the drug release. The regression coefficient (R 2 ) of release data of all formulation obtained by curve fitting method on various kinetic models is reported in Table III . The data of release exponent "n" according to Krosmeyer-Peppas is also represented in Table III which indicates the mechanism of drug release. The n value of all formulation lies in between 0.45-0.85.
All formulations are compared with the marketed product of ciprofloxacin hydrochloride CIPFRAN OD® 500 mg drug. The f 2 value of formulation F12, F13, and F14 is found to be 26.714, 47.235, and 29.227, respectively. In vivo studies conducted on six healthy, adult, male volunteers using barium sulfate-supplemented tablets show a mean gastric residence time of 320±48.99 min. In vivo tablet behavior is shown in radiographic picture Fig. 4 .
DISCUSSION
Formulations with HPMC K100LV and HPMC K15M grades show poor swelling and sustained action due to the low viscosity. These polymer grades are unable to withhold swelling produced by a swelling agent in the tablets due to the poor gelling/viscosity. The HPMC K100M showed good tablet integrity, swelling, and sustained release of ciprofloxacin HCl.
Swelling agents used in this study are super disintegrating agents. The immediate tablet disintegration is due to the swelling nature of these agents. This character is utilized in the preparation of floating, swellable, and extended release dosage form of ciprofloxacin HCl (24) .
Sodium bicarbonate in the acidic environment reacts with the acid and produces carbon dioxide. The evolved gas will get entrapped in the matrix leading to floating of the tablet. The floating lag time decreased as the concentration of the sodium bicarbonate increased. The formulations (F12, F13, and F14) containing different swelling agents with optimized concentration of polymer, swelling agent and sodium bicarbonate show different lag time. This may be due to variation in the mechanism of action of different swelling agents. CS and CCS produced its action by both swelling and wicking in the presence of water, whereas SSG shows only swelling. Wicking is caused due to the porosity and capillary action because of which the density of dosage form is reduced. The total duration of floating is also changed with change in swelling agent. Formulations F2, F10, and F13 show high lag time and fluctuations in floating.
The percentage swelling of the tablet is high, and it is obtained within 3-h interval in formulations F1, F5, F6, F7, F8, F9, and F12, which contain CP than the formulations with CCS, SSG, and STR. This is due to the swelling and wicking nature of CS. Swelling is low in case of formulations (F4, F11, and F14) containing CS as swelling agent which is due to highest swelling nature because of which tablet erodes. At the highest polymer concentration, the CCS shows good swelling than the tablet containing equal amounts of CCS and low concentrations of polymer F3 and F14 with polymer concentration as 25% and 15% w/w of that of drug, respectively. At a low concentration, the CCS (F11) shows good integrity, but the maximum swelling is less (15% swelling) which may not satisfy the conditions required for gastric retention.
The formulations containing SSG (F2 and F13) show the good swelling nature, but the maximum swelling will occur at later hours, i.e., in formulation F2, swelling 233.36% is obtained in 24 h interval, and for F13, the maximum swelling 178.73 is obtained in 5-h interval. The swelling at later hours may be due to gelling of SSG with water. STR (F4) shows poor swelling nature.
The formulations (F1 to F4) that contain polymer concentration 25% w/w that of the drug show more retarded release, i.e., 69.19±3.1, 60.85±2.6, 75.11±2.9, and 60.01±3.2% release in 12 h of the formulations F1, F2, F3, and F4, respectively. The polymer HPMC K100M concentration is optimized to 15% w/w that of drug. Further, the change in swelling agent concentration changes the drug release in formulation. The decrease in swelling agent concentration retards the drug release. The drug release is also dependent upon the type of swelling agent in the F12, F13, and F14, which releases 97.33±2.9, 43.48±1.9, and 97.85±3.3%, respectively, in 8 h interval is shown in Fig. 3c . Increase in sodium bicarbonate concentration increases release rate.
The regression coefficient (R 2 ) values of release data of all formulations obtained by curve fitting method for zeroorder, first-order, and Higuchi model are reported in Table  III . Most of the formulations follow the zero order and Higuchi model. For the optimized formulation F12, the R 2 value of Higuchi 0.9806 (nearer to 1) is dominant than the other models which indicates that the drug release depended on the square root of the time (Eq. 4). The mechanism of drug release is predicted by using Eq. 5 according to Krosmeyer-Peppas. The n value of optimized formulation F12 is 0.66 and that of all formulations is between "0.45 to 0.85". This indicates that the drug release depends on swelling, erosion, and diffusion. All formulations follow the non-Fickian/anomalous type of diffusion.
The similarity factor f 2 value of optimized formulation F12 is found to be 26.714, which indicates lack of similarity with marketed product (CIFRAN OD® 500 mg) . The 92.8± 11.5% drug release within 5 h interval is observed for marketed product.
The in vivo nature of the tablet is observed in the radiographic pictures at different time intervals. Initially, the tablet appeared very clear, but later on, the tablet appeared dull, due to swelling of the tablet. The gastric retention is due to floating in the first few hours, and later, it is due to obstruction of the tablet at duodenum as seen in Fig. 4 . The radiographic pictures of healthy volunteers confirm the in vivo buoyancy in the stomach for 320±48.99 min (n=6). This gastric retention occurred due to swelling and floating characters of the dosage form.
CONCLUSION
We conclude that HPMC K100M grade is better than other grades of HPMC in formulating swellable and floating extended release tablets. The optimized formulation F12 follows the Higuchi kinetic model, and the mechanism of drug release is found to be non-Fickian/anomalous. Swelling studies and in vitro buoyancy studies indicate that the formulation is suitable for gastroretention. The similarity factor (f 2 ) of formulation F12 shows that it is not similar to marketed product. In vivo studies conducted on healthy volunteers supported prolonging of the gastric residence time. The mean gastric retention is found to be 320±48.99 min (n=6). This result indicates increase in MRT of the ciprofloxacin HCl in the stomach.
